Research was conducted according to the principles enunciated in the "Guide for Laboratory Animal Facilities and Care," prepared by the National Academy of Sciences -National Research Council. of these changes tends to be short, lasting from a few seconds to several minutes.
The second class of temperature changes is related to circadian rhythms. These changes are large, 1 -2 C, and of long duration, typically several hours. Brain temperature changes of long duration have been reported following whole-body irradiation in rabbits, and since early transient incapacitation is a short duration phenomenon, it is reasonable to expect short duration changes in brain temperature to accompany it.
Any system for the measurement of brain temperature must then meet the following criteria. First, it must possess adequate resolution to detect fluctuations in temperature of 0. 05 C while possessing adequate dynamic range to detect changes of several degrees within the physiological temperature range of the animal. Second, it must possess adequate temporal resolution to detect fast changes while maintaining long-term stability to detect changes occurring over several hours.
II. SYSTEM DESCRIPTION
The system developed to meet these criteria uses thermistor probes for temperature sensing, thermistor drivers, an analog to digital converter, a digital computer, magnetic tape data storage, and graphic output via a high-speed line printer. The use of a digital computer provides multichannel capability; provides necessary resolution, dynamic range, and stability; and facilitates calibration, data manipulation, and display. A block diagram of this system is shown in Figure 1 , and an example of the system's output is shown in Figure 2 . Results of the experiments conducted at AFRRI on cerebral temperature following irradiation are published elsewhere. The function of each major system component will now be examined in detail.
Thermistor probes. The thermistor probes used with this system to measure Computer system. The computer controls the data collection process, manipulates the data, and stores it on magnetic tape. In addition, the computer controls the calibration of new thermistors and displays results from experimental temperature determinations.
The computer in the current system is an SDS-920. Data are input via the A-D converter described above. The rate of data collection is controlled by an external clock, input to the computer via its priority interrupt system. Output is to 7-channel, 200-bit per inch magnetic tape for data storage, and to a high-speed line printer for data display. In the thermistor calibration program, the reference thermistor is connected to one channel of the system, while another channel is connected to the thermistor to be calibrated. Up to 12 thermistor probes may be calibrated by switching between them sequentially during the calibration procedure. The reference and probe thermistors are then immersed in a water bath, and data are collected at temperatures from 35°
to 45 0 C in 0.5 o C increments, using ADCIN. At each point, the reference thermistor is the independent variable while the output of the unknown thermistor is the dependent variable. The channel calibration paper tape is read into the system and is used to allow the computer to calculate the resistance of both the reference and probe thermis- This calibration information is then output on paper tape along with probe identification information for later input during the data reduction phase.
The data collection program simply collects data from all eight channels of the A-D converter, via ADCIN, and outputs the average of each 10 samples along with a time code expressed in seconds of the day on digital magnetic tape in binary format.
Since temperature in most physiological applications does not change rapidly, the sampling rate is once per second.
Prior to each thermistor calibration run and each data collection run, the channel calibration program must be used to eliminate errors due to drift in the A-D converter and the thermistor drive electronics. The thermistor probes need to be calibrated only once since their characteristics are stable with time.
The final program reduces the data from the data collection program. This program accepts a resistance calibration tape, a thermistor calibration tape, and a punched card assigning each thermistor to an input channel. The computer reads the magnetic tape generated by the data collection program, calculates the temperature measured by each channel and, at the discretion of the operator, plots the average of from 1 to n 10-second data points on the line printer. A good working plot is obtained by averaging 2 minutes of data (n = 12), as illustrated in Figure 2 . Thermistor driver schematics and circuit descriptions, together with flow charts of all software, are included in the appendixes.
III. DISCUSSION
This system has been used successfully to investigate the effects of radiation on cortical and deep brain temperatures in the monkey. Its accuracy is largely dependent on the care taken in calibrating both the reference thermistor and the individual thermistor probes. Experience has shown that the precision of the system approaches the theoretical resolution limit of . 015 C when the data are averaged by the present data collection program. Absolute accuracy, however, is no better than the calibration accuracy of the reference thermistor. In the present brain temperature application, accuracy of ±0.1 C is considered adequate.
The primary advantage of this system is that the data are available in a format that may be easily manipulated by the computer. Temperature differentials are easily plotted, and correlation analysis of temperature with other physiological parameters is facilitated.
The primary disadvantage relative to the present system is that the data acquisition program requires considerable computer time since the SDS-920 is not capable of time-sharing operation. If the system were adapted to run with a time-sharing computer, more extensive use of this temperature monitoring system would be practical. A computer based, multichannel physiological temperature monitoring system is described. Thermistor probes are used as temperature transducers. A constant current thermistor driver converts the resistance of the thermistor probe to a temperature dependent voltage. This voltage is digitized by a multichannel analog to digital converter on command of a small computer. The computer controls the rate of data collection, stores the data, and performs the necessary algebraic manipulations to convert the data to a tabular or graphic temperature display. System operation, including thermistor calibration, data collection, and data reduction is discussed. Flow charts of representative software and schematics of hardware are included. 
